Abstract: The effects of exogenous polyamines (PAs): spermine (Spm), spermidine (Spd), cadaverine (Cad) and putrescine (Put) on mitotic activity and chromosomal aberrations in root meristem cells of Hordeum vulgare L. (barley) seeds exposed to salinity were analyzed. The PAs significantly inhibited cell division in distilled water. Furthermore, most of these PAs (except for Spd) caused a significant increase in the frequency of chromosomal aberrations as compared to control group. Seeds treated with Put caused the highest percentage of mitotic abnormalities in total. The negative effect of salinity on mitotic index and the frequency of chromosomal aberrations increased with increasing salt concentration. PAs studied could not be successful in ameliorating of the negative effect of salinity on mitotic activity. Particularly, exposure to Cad and 0.40 M NaCl caused a complete block of cell division in total. However, most of the PA studied showed a perfectly performance in alleviating the detrimental effects of increasing salinity on chromosomal aberrations.
Introduction
The cell division is a series of complex, ordered, sequential biochemical events on macromolecular level. Growth and development of living things depend on regular cell division. The mitotic index reflects the frequency of cell division at different karyokinetic stages and is regarded as an important parameter for determining the rate of root growth. The decrease in mitotic index is also slowed down to growth and development events (Jiang & Liu 2000) .
The various environmental stresses may cause considerably a decrease in mitotic index and chromosomal aberrations (Avalbaev et al. 2003) . Salinity is one of the most significant environmental stress in arid climatic zone. Salty soils include salts, such as carbonate, sulfate, chloride, nitrate and borate (Tobe et al. 2003) . Sodium chloride is one of the most common salts in nature and has toxic effects because of its high solubility. Salt adversely affects plant growth and development, hindering seed germination (Al-Karaki 2001; Dash & Panda 2001) , seedling growth (Ashraf et al. 2002) , enzyme activity (Prakash & Prathapasenan 1988) , DNA, RNA and protein synthesis (Tal 1977; Anuradha & Rao 2001) and mitosis (Tabur & Demir 2009 . Hence, researchers have used various plant growth regulators to reduce or eradicate negative effects of salinity. Particularly, the effects of exogenous gibberellins, cytokinins and ethylene on seed germination, seedling growth, mitosis and mitotic aberrations have been partly know (Kabar 1987; Tabur & Demir 2010) , while for polyamines (PAs) there is not enough literature data.
PAs are biologically active compounds involved in various physiological processes. It has been suggested that changes in polyamine metabolism under stress conditions (salt, osmotic, drought and oxidative stresses) may be part of an integrated plant response to stress (Flores 1991) . Since polyamine concentration significantly increase upon exposure to saline stress, it has been proposed that PAs could be a protective mechanism of plants against saline stress (Reggiani et al. 1994; Bouchereau et al. 1999; Iqbal & Ashraf 2005) .
Recently, investigations on the physiological effects of Pas, such as ?oral initiation (Sood & Nagar 2005; Zielińska et al. 2006) , stress tolerance (PalavanUnsal 1995; Duan et al. 2008; Cassán et al. 2009 ), and morphogenesis of plants (Kakkar et al. 2000) have increased. Also, PAs have been implicated in a wide range of regulatory processes, e.g., promotion of growth, cell division, DNA replication and cell differentiation (Galston & Kaur-Sawhney 1995; Yao et al. 2010) . However, the effects of exogenous polyamine on cell division is still controversial (Costa & Bagni 1983; Prakash & Prathapasenan 1988; Gatta et al. 1992; Rost et al. 1996; Hu et al. 2000) in terms of opinions on whether their effects are positive or negative. In addition, it has been suggested that some PAs lead to a number of types of chromosomal aberrations (Ünal et al. 2002;İsmailoglu et al. 2004) . The objectives of this study were therefore to observe the effects of exogenous PAs on mitotic activity and chromosomal aberrations in root tips of barley seeds germinated under both normal and salinity conditions, to examine whether or not the new chemicals mentioned mitigated preventive effects of salt on these parameters and to compare with each other the effects of PAs.
Material and methods
The seeds and plant growth regulators In the present study, barley seeds (Hordeum vulgare L. cv. Bülbül 89) were used. As test solutions, 10 µM spermine (Spm), spermidine (Spd), cadaverine (Cad) and putrescine (Put) were used. Concentrations of NaCl were 0.30 M, 0.35 M and 0.40 M. The salt levels preventing germination of seeds in a great extent and the concentrations of PAs used were determined as a result of the preliminary study.
Germination of seeds
Germination tests were performed at constant temperature (20 • C) in an incubator and continuous dark. Firstly, 20-25 barley seeds were kept in constant volumes of distilled water (control), Spm, Spd, Put and Cad for 24 hours. At the end of this pre-treatment, the solutions were filtered and the seeds were vacuum-dried (Braun & Khan 1976) . Secondly, the seeds for each application were arranged in Petri dishes covered with two sheets of filter paper moistened with 7 mL of distilled water and different salt concentrations (0.30-0.35-0.40 M NaCl). Then, dishes were transferred to incubators at constant temperature (20 ± 1 • C) for germination.
Cytological and statistical analysis
Root tips were excised (1-1.5 cm segment), pre-treated with saturated p-dichlorobenzene for 4 h, fixed in solution of ethanol : glacial acetic acid (3:1) overnight at room temperature and stored at 4
• C in 70% ethanol until used. The materials were hydrolyzed in 1M HCl for 15-18 min at 60
• C and stained by the Feulgen method. Thereafter, squash slides were arranged. The slides were observed under microscope (100×), and cells in mitosis were counted. Mitotic index, i.e. percentage of dividing cells scored was evaluated by analyzing at least 15,000 cells per treatment (5,000 per slide).
Chromosomal aberrations were calculated for each concentration as the percentage of 350 dividing cells counted. Consequently, according to Duncan's multiple range test using SPSS 14,0 program, all parameters related to statistical evaluation were carried out (Duncan 1955) .
Results
The influence of exogenous PAs on mitotic activity in normal and saline conditions All the PAs studied lead to a statistically significant decrease in mitotic index of barley seeds germinated in distilled water after treatment with PAs as compared with the control group. That is, mitotic index of control seeds displayed a better performance than seeds treated with PAs. Among the PAs studied, Put pre-treatment showed relatively successful effect on mitotic index in root meristems (Table 1) .
In parallel with salt concentrations rise, mitotic index decreased significantly in control and all the PAs applications. For example, while mitotic index was 0.16 for seeds germinated in distilled water, it was 0.06 at 0.30 M, 0.03 at 0.35 M and 0.02 at 0.40 M salt concentrations. PAs studied could not be successful for alleviating of the negative effect of salinity on mitotic index (Table 1) .
The influence of exogenous PAs on chromosomal aberrations in normal and saline conditions It was not observed any chromosomal aberrations in root-tip cells of barley seeds germinated in distilled water at 20
• C. That is, all mitotic phases were normal (Fig. 1) .
However, the frequency of chromosomal aberrations in seeds germinated in distilled water after polyamine pre-treatments (except for Spd) was considerably higher than that in the control group. There was absent of chromosomal abnormalities in root-tip cells treated with Spd, while seeds treated with Put exhibited the highest frequency of chromosomal aberrations in total. The chromosomal abnormalities observed in seeds germinated in distilled water after treatment with PAs were mainly bridges in anaphase and telophase, multipolar anaphase and fault polarization. The frequency of chromosomal aberrations increased in parallel with salt concentrations rise as compared to that of control samples. Frequency of chromosomal aberrations was 0.00 % in seeds germinated in distilled water at 20
• C, while it was 1.33% at 0.30 M, 1.57% at 0.35 M and 3.90% at 0.40 M salinity. However, PAs studied here perfectly overcome the detrimental effects of all the salt concentrations on chromosomal aberrations. Aberration scores are summarized in Table 2.
The most prominent aberrations were the anaphase bridges (Fig. 2e ) in seeds germinated in distilled water and in different concentrations of NaCl after PAs pre-treatments. On the other hand, many chromosomal aberrations were observed, such as chromosomes encircled, uncoiling chromosome, disorderly anaphase, lagging chromosomes in anaphase and telophase, multipolar anaphase, telophase bridges and fault polarization in telophase (Fig. 2) . The minimal common abnormalities were chromosomes encircled and equatorial plate divided to two. (Mirza & Bagni 1991) and saline (Prakash & Prathapasenan 1988) conditions. The individual PAs may play different roles during the plant response to salt stress. These differences may result from the differences in concentration of the PAs used and vary according to species and even cultivars of a species.
In our study, cytogenetic activity in barley seeds treated with different PAs and/or with different salt concentrations was determined statistically. Our observations indicated that mitotic index of control group seeds were 0.16. However, none of PAs included in the present study can reach that level (Table 1) . On the other hand, chromosomal aberrations were not observed in root tips of barley seeds germinated in distilled water (Fig. 1) , while seeds treated with PAs showed various aberrations (cf. Table 2 and Figure 2) . We can therefore point out that unless the stress conditions are present, there is no need to add exogenously any stimulators.
Cytogenetic effects of exogenous PAs in non-stress conditions It was reported that under the normal conditions exogenous gibberellin (Besnard-Wibant et al. 1983 ) and cytokinin (Werner et al. 2001 ) pre-treatments stimulated cell division. Although the effects of plant growth regulators, such as gibberelic acid, kinetin and benzyladenine on cell division are universally accepted, the paradox relating to effects of PAs on this parameter still cannot be completely resolved. While some researchers suggested that these growth regulators stimulated the cell division and mitotic index at low concentrations (Costa & Bagni 1983; Prakash & Prathapasenan 1988; Rost et al. 1996; Yao et al. 2010) , others reported that PAs displayed prohibitive effects at high concentrations (Gatta et al. 1992; Hu et al. 2000; Ünal et al. 2008 ). This inconsistence may result from the differences in both plant species and PAs concentrations. In the present study, all the PAs studied decreased the mitotic index in barley root tip cells. The decreases were statistically significant in all PAs as compared to the control.
Information about the effects of mentioning growth regulators on chromosomal aberrations are very limited. It was reported that PAs lead to disorderly mitosis in barley and in diploid, tetraploid, hexaploid wheat (Ünal et al. 2002;İsmailoglu et al. 2004 ). Gömürgen et al. (2005) confirmed that Put, Spd and Spm increased the chromosomal aberrations, such as chromosome stickiness, c-metaphase, anaphase and telophase bridges, disturbed chromosomes of anaphase and telophase stages, lagging and forward chromosomes at anaphase and telophase. Similarly, we also observed that all PAs, except Spd, caused bridges in anaphase and telophase, multipolar anaphase and fault polarization in nonstress conditions (Fig. 2) . It was determined that frequency of chromosomal aberrations in seeds treated with Put was higher than that obtained with other PAs studied (Table 2) . Mitotic irregularities, such as fault polarization, bridge and multipolar anaphase may be mainly the result of spindle dysfunction and constitute a significant portion of chromosomal aberrations. Since spindle dysfunction may lead to abnormal segregation of chromosomes due to defective microtubulekinetochore interaction and abnormal mitotic segregation of chromosomes triggers bridge formations. Ac-cording to Fiskesjö (1997) , NaCl caused c-mitotic effects including lagging chromosomes but also multipolar anaphase.
In that case, it can be concluded that PAs can show different effects on mitotic activity and chromosomal aberrations depending on the plant species, pretreatment methods and the concentration used.
Cytogenetic effects of exogenous PAs in stress conditions Plant growth and development are adversely affected by salinity. High salinity is an important factor negatively influencing plant growth and development even in most halophytes. At present, approximately 20% of cultivated lands in the world are affected by salinity (Zhu 2001) . Generally, it is suggested that salinity impairs seed germination, retards plant development and reduces productivity. There have been numerous investigations conducted to explore the effects of salt on plant growth, but mechanisms of salt stress have not yet been explained precisely (Gill & Singh 1985; Schmidhalter & Oertli 1991) .
We determined that mitotic index of barley seeds significantly decreased with increasing salt concentrations (Table 1 ). The inhibitory effects of salt stress on mitotic activity are known for a long time (Katsuhara & Kawasaki 1996; Lutsenko et al. 2005; Radić et al. 2005) . Salt induced-inhibition of cell division may relate to osmotic effect, inhibition of DNA, RNA and protein synthesis (Anuradha & Rao 2001) and mitosis (Tabur & Demir 2009 . It is worth mentioning again that the relation between salinity and mitotic activity was confirmed by the present work. However, any PAs studied could not exhibit a successful performance in alleviating the inhibitive effect of salinity on mitotic index. Moreover, seeds treated with Cad did not germinate at high levels of salt (0.40 M) (Table 1) .
On the other hand, the detrimental effects of salt stress on chromosomal abnormalities are little known (Radić et al. 2005; Tabur & Demir 2009 . According to some researchers, high salt concentrations caused total inhibition of mitotic activity and chromosomal abnormalities in root-tip cells (Radić et al. 2005; Tajbakhsh et al. 2006) . Our data also indicated that salinity adversely affected the chromosome behaviors in root meristem cells of barley. Moreover, the frequency of chromosomal aberrations considerably increased by increasing the concentration of NaCl (Table 2) .
The most striking abnormalities in the present study were chromosomes encircled, uncoiling chromosome, equatorial plate divided to two, disorderly anaphase, anaphase and telophase bridges, lagging chromosomes in anaphase and telophase, multipolar anaphase, fault polarization (Fig. 2) . Laggards and precocious movement of chromosomes could be the result from the failure of spindle apparatus to organize in normal way (Patil & Bhat 1992) , and chromosomes encircled may result from improper folding of the chromatin fibers (Klasterska et al. 1976) . Equatorial plate divided to two and disorderly anaphase may result from unequal distribution of chromosome and spindle dysfunction. Uncoiling chromosomes may be the result of a weak mitotic effect. Also, it was thought that anaphase bridges could be the result of inversions.
There is no extent literature data relating to effects of exogenous PAs on chromosomal abnormalities in saline conditions. The present study is the first one revealing the cytogenetic responses to salt stress of PAs. In this study we determined that exogenous PAs used perfectly overcome the detrimental effects of salinity on chromosomal aberrations (Table 2) . Spm (at all salt concentrations), Cad (at 0.30 M salinity) and Put (at 0.30 and 0.40 M salinity) possessed the highest successful percentage (100%) in alleviating of the detrimental effects of salinity on chromosomal aberrations in total. The achievement in the other PAs, except Spd at 0.35 M salinity, was also at least 50% (Table 2) . Undoubtedly, these results suggest that exogenous PAs may play a protective role against the detrimental effects of salt stress on chromosomes.
In conclusion, our study demonstrates that PAs or salinity alone may impair the activations, which are correlated with mitotic processes. These impairments may also be substantially dependent on factors, such as plant species, the developmental stage of plant, strength of the stress and duration of the treatment. Therefore, it was implied that exogenous application of PAs at convenient concentrations might help to alleviate the detrimental effects of salinity on mitotic abnormalities.
The aims of the present work were to scrutinize interactions between mitotic activity and PAs, to determine the protective role of exogenous PAs on chromosomal abnormalities of barley exposed to salinity stress and to shed light on subsequent studies. In order to clarify the plants cytogenetical response to exogenous PAs and their protective role against oxidative-stress induced by salt stress, more detailed studies are necessary.
